Topochemistry of trace metals in nasal mucosa. Potentialities of some histochemical methods and energy dispersive X-ray microanalysis.
Histochemical methods and energy dispersive X-ray micro-analysis (EDX-analysis) were evaluated in model experiments and on tissue sections for their usefulness in detecting traces of metals in biological tissue. The goal for this study was to establish a method for localization of nickel deposits in the nasal mucosa, where it has been found in concentrations between 1 and 40 microgram/g in nickel exposed individuals. The histochemical methods tested were staining with dimethylglyoxime, rubeanic acid and dithizone, the Turnbull and Prussian blue methods and TIMM'S sulphide silver procedure. In model experiments nickel-, cobalt-, copper-, zinc- and ironsalts were applied to thin-layer chromatography sheets (TLC-sheets) and stained by the histochemical methods. Spots containing 500 and 50 ng of these metals represented the smallest amounts that could consistently be detected in these experiments, except for the sulphide silver method which seemed a little more sensitive. With the latter method, moreover, zinc was detected in 40 micrometer thick cryostat sections of gelatine made up with 1 microgram/g of the metal. For nickel the corresponding figure was 10 to 50 microgram/g. On specimens of nasal mucosa from nickel-exposed workers, a faint colour was obtained in 40 micron thick cryostat sections from specimens that had been immersed in dithizone, but the colour was too weak for histological analysis. None of the other coloured chelating agents caused noticeable staining when applied to blocks or to cryostat sections. TIMM'S sulphide silver method caused strong staining of the basal layers of the surface epithelium and of fibroblast-like cells in the underlying connective tissue. This staining pattern is described in more detail in a separate report. Rat liver tissue was analyzed by atomic absorption before and after araldite embedding. Blocks of gelatine made up with nickel, copper, zinc and iron were embedded in epoxy resin and analyzed by atomic absorption. Large changes in the metal concentrations, usually an increase, were found after embedding. Ultrathin sections from this material were used to test the sensitivity of the EDX-equipment. Referring to the concentrations determined by atomic absorption in the embedded material, iron was detected at 1215 microgram/g and 362 microgram/g (gelatine standards) but not at 167 microgram/g (rat liver). Similar values could not be determined for nickel, copper or zinc, because of background radiation resulting from the presence of these metals in the instrument. We did not succeed in establishing a procedure for detecting nickel deposits in nasal mucosa with any of the methods which were tested. The most sensitive but least specific of the tested methods for visualizing heavy metals in the nasal mucosa, was TIMM'S sulphide silver procedure. The preparation of tissue for this method is discussed.